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SEMCONDUCTOR DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims priority to Japanese Patent Appli 
cation No. 2009-056485 filed on Mar. 10, 2009, the disclo 
Sure of which including the specification, the drawings, and 
the claims is hereby incorporated by reference in its entirety. 

BACKGROUND 

The present disclosure relates to a structure including a 
plurality of Stacked semiconductor devices, and each of the 
semiconductor devices of the structure. 

In recent years, with the increasing miniaturization of elec 
tronic devices, it is strongly desirable to reduce the size of 
semiconductor devices loaded or mounted thereon and to 
increase the density of such semiconductor devices. Accord 
ingly, a recent trend is to use a package called a ball grid array 
(BGA) in which external terminals are arranged in a lattice 
pattern on an entire lower Surface of a semiconductor device, 
or to use a package called a chip size package (CSP) in which 
external terminals are arranged with Smaller pitch than that in 
BGA and which has a smaller size than that of BGA. 

Meanwhile, in recent years, to further reduce the size of 
semiconductor devices and increase the density thereof, a 
stacked package having a structure in which the above-de 
scribed CSPs are stacked is used in many cases. Such stacked 
packages are generally called package on package (PoP), and 
becoming to be used as a major method of achieving high 
density packaging. In Stacked packages, an electrode is pro 
vided on an upper Surface of a lower package, and thus, 
stacking packages is allowed. Therefore, various configura 
tions based on the known package configurations have been 
devised. 

For example, a configuration (see, for example, U.S. Pat. 
No. 4,086,657) in which a semiconductor element is mounted 
by a flip chip process and staking packages is allowed by 
taking advantage of the feature of the configuration employ 
ing flip chip packaging that the height of each package is 
Small, and a configuration (see, for example, U.S. Pat. No. 
4,022.405) in which a connection height between packages is 
made as Small as possible to allow stacking packages using a 
flip chip structure and a cavity structure have been proposed. 

SUMMARY 

Incidentally, according to the recent industry trend, in the 
above-described known package configuration, the package 
height is small and the pitch and size of terminals are both 
reduced because an increased number of terminals are pro 
vided at a connection portion between packages. Accord 
ingly, the problem of connection reliability and other prob 
lems arise, as described below. 

Specifically, to provide connection between stacked pack 
ages, solder balls each having a diameter of 300 um provided 
with a terminal pitch of 0.65 mm are currently used in general. 
In this case, a stand-off of an upper package in stacking 
packages is reduced due to fusion and deformation, and thus, 
the minimum stand-off is about 230 um. 

However, it is expected that, with an increasing number of 
terminals provided at a connection portion between packages, 
the terminal pitch will be reduced, for example, to 0.50 mm 
and then 0.40 mm in future. For example, when the terminal 
pitch is 0.40 mm, solder balls each having a diameter of about 
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2 
200 um will be used, and the minimum stand-offin stacking 
packages is expected to be about 100 Lum. 

In Such conditions, the package configuration described in 
U.S. Pat. No. 4,086,657 requires reduction in the thickness of 
a semiconductor chip to an extremely small thickness. Spe 
cifically, in order to deal with the expected minimum stand 
off, i.e., the stand-off of 100 um when the terminal pitch is 
0.40 mm, the thickness of the semiconductor chip has to be 
about 50 um. This is because a clearance of about 20 um has 
to be provided between packages so as not to cause the pack 
ages to be in contact with each other when the upper and lower 
packages rollback in Stacking them and, as a result, an allow 
able thickness of the semiconductor chip when a connection 
height is determined to be 30 um is 50 lum. In flip chip 
packaging, in general, after the packages are electrically con 
nected, epoxy resin called an underfill material is injected in 
a gap at the connection portion to ensure connection reliabil 
ity. If the connection height is Small, an injection performance 
of epoxy resin is reduced. Therefore, to inject epoxy resin, the 
connection height has to be about 30 Lum. In general, with 
protruding electrodes for flip chip packaging formed on the 
semiconductor chip in advance, the thickness of the semicon 
ductor chip is reduced to a predetermined thickness using a 
grinding wheel or the like. Thus, to reduce the thickness of the 
semiconductor chip with the protruding electrodes each hav 
ing a height of 30 um to a thickness of 50 um by grinding, it 
is necessary to grind the semiconductor chip to eliminate a 
level difference corresponding to 60% or more of the thick 
ness of the ground semiconductor chip. However, this process 
is technically difficult, and is practically not possible because 
the semiconductor chip is broken during the process. In gen 
eral, the thickness of the ground semiconductor chip includ 
ing the protruding electrodes which can be easily obtained is 
currently about 4 times the height of the protruding elec 
trodes, and therefore, the thickness of the semiconductor chip 
including the protruding electrodes with a height of 30 um is 
120 um. 

Therefore, in the package configuration of U.S. Pat. No. 
4,086,657, for the thickness of the semiconductor chip and 
the connection height, the technological limits today are 120 
um and 30 Jum, respectively. Thus, in the present technique, 
where solder balls each having a diameter of 300 um provided 
with a terminal pitch of 0.65 mm are used and the minimum 
stand-off is about 230 um, 150 um is an allowable total height 
of the stacked packages, which does not cause any problem in 
providing connection between the stacked packages in terms 
of clearance in Stacking packages. However, if a terminal 
pitch of 0.40 mm, which is expected to become mainstream in 
future, is used, solder balls each having a diameter of about 
200 um will be used and the minimum stand-off in stacking 
packages will be about 100 um. In Such a configuration, 
packages cannot be stacked using only the present technique. 

In U.S. Pat. No. 4,022.405, since a substrate having a cavity 
structure is used, problems in terms clearance between pack 
ages do notarise and, accordingly, the above-described prob 
lems of U.S. Pat. No. 4,086,657 are not caused. However, 
some other problem is more likely to arise, as described 
below. 
As described above, the size of terminals at the connection 

portion is reduced because an increased number of terminals 
are provided between the upper and lower packages. If only 
normal terminal connection is provided therebetween, suffi 
cient strength cannot be achieved at the connection portion, 
and thus, an increasing concern that the semiconductor device 
is broken due to drop impact, thermal history, and the like 
arises. In this point, in the packaging configuration of U.S. 
Pat. No. 4,022.405, no measure is taken for a bottom part of a 
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cavity, so that the generation of a material unfilled area with 
an underfill material and air inclusion easily occur when 
underfill injection is performed. For this reason, it is difficult 
to actually inject an underfill material between packages in a 
stable manner. 

In view of the above-described points, the present disclo 
Sure provides a semiconductor device having a stacked pack 
age structure which is not dependent on the thickness of a 
semiconductor chip, and a semiconductor device having a 
stacked package structure which allows stable injection of an 
underfill material. 

To achieve the above-described object, an example semi 
conductor device according to the present invention will be 
described hereinafter. 
An example semiconductor device includes: a first semi 

conductor device including an interconnect Substrate having 
a cavity structure and a semiconductor element mounted on a 
bottom part of the cavity structure; and a second semiconduc 
tor device provided on and connected to the first semiconduc 
tor device via connection terminals. In the example semicon 
ductor device, a sealing material is provided between the first 
semiconductor device and the second semiconductor device, 
and a sloped portion is formed, at a corner portion at which the 
bottom part and a side wall of the cavity structure in the first 
semiconductor device meets, to be sloped toward a centerpart 
of the cavity structure and have a tapered shape which 
becomes continuously wider in the direction from an upper 
part to a lower part. 

In the example semiconductor device, the sloped portion 
may be made of resin. 

In the example semiconductor device, the sloped portion 
may be made of a material of which the interconnect substrate 
is formed. 

In this case, the sloped portion may be provided integrally 
with the interconnect substrate. 

In the example semiconductor device, it is preferable that 
the semiconductor element is mounted on the bottom part of 
the cavity structure of the interconnect Substrate via a con 
nection material, and the connection material is provided to 
reach the sloped portion. 

In the example semiconductor device, it is preferable that 
the connection material is provided to further reach a side 
wall of the cavity structure. 

In the example semiconductor device, it is preferable that 
the connection material is provided to further fill an opening 
part of the cavity structure. 

In the example semiconductor device, it is preferable that a 
different material from the connection material is provided 
between the connection material and the sloped portion to 
reach the connection material and the sloped portion. 

In the example semiconductor device, it is preferable that 
the different material from the connection material is pro 
vided to further reach a side wall of the cavity structure. 

In the example semiconductor device, it is preferable that 
the different material from the connection material is pro 
vided to further fill an opening part of the cavity structure. 

In the example semiconductor device, it is preferable that 
the same structure is provided between each of four sides of 
the semiconductor element and an associated one of side 
walls of the cavity structure. 

According to the present invention, the above-described 
example semiconductor device can be obtained, thereby pro 
viding a semiconductor device having a highly reliable 
stacked structure feasible within the scope of the present 
technology which allows reduction in thickness of semicon 
ductor element along with the future trend in package in 
which the package height is Small and the pitch and size of 
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4 
terminals are both reduced because an increased number of 
terminals are provided at a connection portion between pack 
ageS. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view illustrating a configuration 
of a semiconductor device according to a first example 
embodiment of the present invention. 

FIG. 2 is a cross-sectional view illustrating a configuration 
of a semiconductor device according to a second example 
embodiment of the present invention. 

FIG. 3 is a cross-sectional view illustrating a configuration 
of a semiconductor device according to a third example 
embodiment of the present invention. 

FIG. 4 is a cross-sectional view illustrating a configuration 
of a semiconductor device according to a fourth example 
embodiment of the present invention. 

FIG. 5 is a cross-sectional view illustrating a configuration 
of a semiconductor device according to a fifth example 
embodiment of the present invention. 

FIG. 6 is a cross-sectional view illustrating a configuration 
of a semiconductor device according to a sixth example 
embodiment of the present invention. 

FIG. 7 is a cross-sectional view illustrating a configuration 
of a semiconductor device according to a seventh example 
embodiment of the present invention. 

FIG. 8 is a cross-sectional view illustrating a configuration 
of a semiconductor device according to an eighth example 
embodiment of the present invention. 

FIG.9 is a cross-sectional view illustrating a configuration 
of a semiconductor device according to a ninth example 
embodiment of the present invention. 

DETAILED DESCRIPTION 

Example embodiments of the present invention will be 
described hereinafter with reference to the accompanying 
drawings. Note that the following embodiments are only for 
illustrative purposes to clarify technical aspects of the present 
invention with reference to drawings and detailed description. 
Those skilled in the art will appreciate preferred embodi 
ments of the present invention and may modify and add 
variations using the disclosed technique. Such modifications 
and variations fall within the technical aspects and scope of 
the invention. 

First Example Embodiment 

FIG. 1 is a cross-sectional view illustrating a configuration 
of a semiconductor device according to a first example 
embodiment of the present invention. 
As shown in FIG. 1, a semiconductor device according to 

this example embodiment includes a lower semiconductor 
device (first semiconductor device) and an upper semicon 
ductor device (second semiconductor device). 

Specifically, the lower semiconductor device includes: sol 
der balls 6 provided on a lower surface thereof; and an inter 
connect Substrate 1 having a cavity structure and including an 
interconnect Substrate 1a and an interconnect Substrate 1b 
having a frame shape with an opening provided in a center 
part thereof. The lower semiconductor device further includes 
a semiconductor element (semiconductor chip)2 mounted on 
a center part of an upper Surface of the interconnect Substrate 
1a which is exposed at a bottom part of the cavity structure of 
the interconnect Substrate 1, with a connection material (un 
derfill material) 4 interposed therebetween, and having pro 
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truding electrodes 3 on a lower surface of the semiconductor 
element 2. Furthermore, a sloped portion 5 is formed of a 
resinata corner portion, i.e., a bottom part at a side wall of the 
cavity structure of the interconnect substrate 1 at which an 
upper surface of the interconnect substrate 1a intersects with 
a side wall of the interconnect substrate 1b, to be sloped 
toward a center part of the interconnect substrate 1 at which 
the semiconductor element 2 is placed and have a tapered 
shape which becomes continuously wider in the direction 
from an upper part to a lower part. 
The upper semiconductor device includes a body portion 7 

including a semiconductor element (not shown) therein and 
solder balls 8 formed on a lower surface thereof. A gap 
between the lower semiconductor device and the upper semi 
conductor device is filled with a sealing material (underfill 
material) 9. 

With the above-described configuration of this example 
embodiment, stacking of the semiconductor devices is 
allowed without depending on a stand-off provided by the 
thickness of the semiconductor element 2 and the solder balls 
8 of the upper semiconductor device, by arbitrarily adjusting 
the depth of an opening in the cavity structure of the inter 
connect Substrate 1. 

Also, since the sloped portion 5 having the above-de 
scribed tapered shape is formed at the corner portion at the 
bottom part of the cavity structure of the interconnect sub 
strate 1, the sealing material 9 can be injected between the 
lower semiconductor device and the upper semiconductor 
device without causing the generation of a material unfilled 
area and air inclusion. 

Second Example Embodiment 

FIG. 2 is a cross-sectional view illustrating a configuration 
of a semiconductor device according to a second example 
embodiment of the present invention. 
The configuration of the semiconductor device of this 

example embodiment shown in FIG. 2 is different from the 
configuration of the semiconductor device of FIG. 1 in that a 
bonding material 10 is provided between the interconnect 
substrate 1a and the interconnect substrate 1b and thus a 
sloped portion 10a similar to the sloped portion 5 of FIG. 1 is 
made of the bonding material 10. Except this point, the semi 
conductor device of this example embodiment has the same 
configuration as that of FIG.1. The description of each mem 
ber also shown in FIG. 1 is not repeated. 

With the above-described configuration of this example 
embodiment, the same advantages as those of the semicon 
ductor device of the first example embodiment can be 
achieved and, as will be described below, the number of 
process steps of a method for fabricating the semiconductor 
device can be reduced. 

Next, a method for fabricating a semiconductor device 
according to this example embodiment will be described. 

First, two interconnect substrates each of which has a nor 
mal structure, not a cavity structure, are prepared. Specifi 
cally, one of the interconnect Substrates is an interconnect 
Substrate 1a constituting a lower part of the semiconductor 
device, and the other one of the interconnect Substrates is an 
interconnect Substrate 1b, for forming a cavity structure, con 
stituting an upper part of the semiconductor device and hav 
ing a frame shape. The frame shape of the interconnect Sub 
strate 1b is formed by Stamping out a metal mold or the like, 
and can be also referred to as, for example, a picture frame 
shape. 

Next, an interconnect Substrate 1 having a cavity structure 
is formed by bonding the interconnect substrate 1a and the 
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6 
interconnect Substrate 1b. In this case, the interconnect Sub 
strate 1a and the interconnect substrate 1b are bonded 
together so that a bonding material Sticks out at the inside of 
the frame of the interconnect substrate 1b. Thus, as described 
above, a sloped portion 10a is formed of the bonding material 
at a corner portion at which the upper Surface of the intercon 
nect substrate 1a intersects with a side wall of the intercon 
nect substrate 1b, to be sloped toward a center part of the 
interconnect substrate 1 at which the semiconductor element 
2 is placed and have a tapered shape which becomes continu 
ously wider in the direction from an upperpart to a lower part. 

In Subsequent steps, the semiconductor device 2 is con 
nected, via protruding electrodes 3 provided on a lower Sur 
face of the semiconductor element 2, to a center part of an 
upper surface of the interconnect substrate 1a which is 
exposed at a bottom part of a cavity structure of the intercon 
nect Substrate 1 by a flip chip connection method, and then, a 
connection material 4 is injected between the interconnect 
substrate 1a and the semiconductor element 2. Furthermore, 
an upper semiconductor device including a body portion 7 
including a semiconductor element (not shown) therein and 
solderballs 8 formed on a lower surface thereof is mounted on 
the lower semiconductor device formed in the above-de 
scribed manner, and then, a sealing material 9 is provided to 
fill a gap between the lower semiconductor device and the 
upper semiconductor device. 

Although not described in detail in the first example 
embodiment, the method for fabricating the semiconductor 
device of FIG.1 according to the first example embodiment is 
the same as the fabrication method of this example embodi 
ment, except that the fabrication method of the first example 
embodiment includes an additional step of forming, after 
forming the interconnect Substrate 1 having a cavity structure, 
the sloped portion 5 at the corner portion at which the upper 
surface of the interconnect substrate 1a intersects with a side 
wall of the interconnect substrate 1b. 

According to the fabrication method of this example 
embodiment, unlike the first example embodiment, the 
sloped portion 10a can be formed without performing an 
additional step. Also, since the sloped portion 10a is formed 
at the corner portion at which the upper surface of the inter 
connect substrate 1a intersects with the side wall of the inter 
connect Substrate 1b, in the step of filling the sealing material 
9 after the forming the sloped portion 10a, the sealing mate 
rial 9 can be injected without causing the generation of a 
material unfilled area and air inclusion in the same manner as 
in the fabrication of the first example embodiment. 

Third Example Embodiment 

FIG. 3 is a cross-sectional view illustrating a configuration 
of a semiconductor device according to a third example 
embodiment of the present invention. 
The configuration of the semiconductor device of this 

example embodiment shown in FIG. 3 is different from the 
configuration of the semiconductor device of FIG. 1 in that a 
resist material 11 is applied on the interconnect substrate 1b 
and thus a sloped portion 11a similar to the sloped portion 5 
of FIG. 1 is made of the resist material 11. Except this point, 
the semiconductor device of this example embodiment has 
the same configuration as that of FIG. 1. The description of 
each member also shown in FIG. 1 is not repeated. 

With the above-described configuration of this example 
embodiment, the same advantages as those of the semicon 
ductor device of the first example embodiment can be 
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achieved and, as will be described below, the number of 
process steps of a method for fabricating the semiconductor 
device can be reduced. 

Next, a method for fabricating a semiconductor device 
according to this example embodiment will be described. 

First, in the same manner as in the steps described in the 
second example embodiment, an interconnect Substrate 1 
having a cavity structure and including an interconnect Sub 
strate 1a and an interconnect Substrate 1b is formed. 

Next, a liquid resist material 11 is applied to an upper 
surface of the interconnect substrate 1b of the interconnect 
Substrate 1. In this case, since the liquid resist material 11 is 
used, the resist material 11 is collected at the corner portion at 
which an upper Surface of the interconnect Substrate 1a inter 
sects with a side wall of the light receiving sections 11b, and 
thus, a sloped portion 11a is formed of the resist material 11 
at the corner portion. Normally, as Surface processing, a resist 
is applied to the interconnect Substrate 1a used in this type of 
package. Therefore, in the configuration of this example 
embodiment, which requires a resist, the liquid resist material 
11 is used to cause it to flow from a surface part to a bottom 
part, and thus, the sloped portion 11a is formed without 
requiring an additional process step. Subsequent steps are the 
same as those described in the second example embodiment. 

According to the fabrication method of this example 
embodiment, unlike the first example embodiment, the 
sloped portion 11 a can be formed without performing an 
additional step. Also, since the sloped portion 11a is formed 
at the corner portion at which the upper surface of the sloped 
portion 11a intersects with the side wall of the light receiving 
sections 11b, in the step of injecting the sealing material 9 
after the forming the sloped portion 11a, the sealing material 
9 can be injected without causing the generation of a material 
unfilled area and air inclusion as in the fabrication of the first 
example embodiment. 

Fourth Example Embodiment 

FIG. 4 is a cross-sectional view illustrating a configuration 
of a semiconductor device according to a fourth example 
embodiment of the present invention. 
The configuration of the semiconductor device of this 

example embodiment shown in FIG. 4 is different from the 
configuration of the semiconductor device of FIG. 1 in that 
the connection material 4 injected in a gap between the inter 
connect Substrate 1a and the semiconductor element 2 includ 
ing the protruding electrodes 3 provided on the lower surface 
thereof spreads out from the lower surface of the semicon 
ductor element 2 over a bottom part of the cavity structure 
(i.e., the upper Surface of the interconnect Substrate 1a) and 
flows over the sloped portion 5 to reach the side wall of the 
cavity structure (i.e., the side wall of the interconnect sub 
strate 1b). Except this point, the semiconductor device of this 
example embodiment has the same configuration as that of 
FIG.1. The description of each member also shown in FIG. 1 
is not repeated. 

With the above-described configuration of this example 
embodiment, the same advantages as those of the semicon 
ductor device of the first example embodiment can be 
achieved, and furthermore, a level difference between the 
sloped portion 5 and each of the upper surface of the inter 
connect substrate 1a and the side wall of the interconnect 
substrate 1b is reduced. Therefore, the sealing material 9 is 
injected while reliably preventing the generation of a material 
unfilled area and air inclusion. 

Next, a method for fabricating a semiconductor device 
according to this example embodiment will be described. 
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8 
First, in the same manner as in the steps described in the 

second example embodiment, an interconnect Substrate 1 
having a cavity structure and including an interconnect Sub 
strate 1a and an interconnect Substrate 1b is formed. 

Next, a semiconductor device 2 is connected, via protrud 
ing electrodes 3 provided on a lower surface of the semicon 
ductor element 2, to a center part of an upper Surface of the 
interconnect Substrate 1a which is exposed at a bottom part of 
a cavity structure of the interconnect substrate 1 by a flip chip 
connection method. Subsequently, a Sufficiently large amount 
of a connection material 4 is injected between the intercon 
nect Substrate 1a and the semiconductor element 2, specifi 
cally, into a gap formed by protruding electrodes 3 between 
the interconnect Substrate 1a and the semiconductor element 
2. Thus, the connection material 4 spreads out from the lower 
surface of the semiconductor element 2 over the bottom part 
of the cavity structure and flows over the sloped portion 5 to 
reach the side wall of the cavity structure. Subsequent steps 
are the same as those described in the second example 
embodiment. 

According to the fabrication method of this example 
embodiment, a level difference between the sloped portion 5 
and each of the upper Surface of the interconnect Substrate 1a 
and the side wall of the interconnect substrate 1b is reduced, 
so that the sealing material 9 can be injected while reliably 
preventing the generation of a material unfilled area and air 
inclusion. 

In this example embodiment, the connection material 4 is 
provided to spread out from the lower surface of the semicon 
ductor element 2 over the bottom part of the cavity structure 
to reach the side wall of the cavity structure. Thus, the con 
nection material 4 can perform the same function as that of the 
sloped portion 5 at the corner portion at which the upper 
surface of the interconnect substrate 1a intersects with the 
side wall of the interconnect substrate 1b, so that, even when 
the sloped portion5 is not provided in the configuration of this 
example embodiment, the same advantages as those of the 
first example embodiment can be achieved. 

Fifth Example Embodiment 

FIG. 5 is a cross-sectional view illustrating a configuration 
of a semiconductor device according to a fifth example 
embodiment of the present invention. 
The configuration of the semiconductor device of this 

example embodiment shown in FIG. 5 is different from the 
configuration of the semiconductor device of FIG. 4 in that 
the connection material 4 injected in a gap between the inter 
connect Substrate 1a and the semiconductor element 2 includ 
ing the protruding electrodes 3 provided on the lower surface 
thereof spreads out from the lower surface of the semicon 
ductor element 2 over the bottom part of the cavity structure 
(i.e., the upper Surface of the interconnect Substrate 1a) to 
reach a bottom part of the sloped portion 5 having a tapered 
shape. Except this point, the semiconductor device of this 
example embodiment has the same configuration as that of 
FIG. 4. The description of each member also shown in FIG. 4 
is not repeated. 

With the above-described configuration of this example 
embodiment, the same advantages as those of the semicon 
ductor device of the first example embodiment can be 
achieved, and furthermore, a level difference between the 
sloped portion 5 and the upper surface of the interconnect 
substrate 1a is reduced, so that the sealing material 9 is 
injected while reliably preventing the generation of a material 
unfilled area and air inclusion. Moreover, unlike the fourth 
example embodiment, the above-described advantages can 
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be achieved while the amount of the expensive connection 
material 4 to be used is reduced. 

According to the fabrication method of this example 
embodiment, in the step of injecting the connection material 
4 in the method for fabricating the semiconductor device 
according to the fourth example embodiment, an amount of 
the connection material 4 with which the connection material 
4 reaches the sloped portion 5 may be injected into a gap 
formed by the protruding electrodes 3 between the intercon 
nect substrate 1a and the semiconductor element 2. Thus, the 
advantages of the configuration of the fourth example 
embodiment can be achieved without performing an addi 
tional process step. Other steps are the same as those 
described in the fourth example embodiment. 

Sixth Example Embodiment 

FIG. 6 is a cross-sectional view illustrating a configuration 
of a semiconductor device according to a sixth example 
embodiment of the present invention. 
The configuration of the semiconductor device of this 

example embodiment shown in FIG. 6 is different from the 
configuration of the semiconductor device of FIG. 1 in that a 
resin 12 formed of a different material from a material of the 
interconnect Substrate 1 and the connection material 4 on the 
interconnect substrate 1b is provided to cover an end part of 
the connection material 4 injected in the gap between the 
interconnect Substrate 1a and the semiconductor element 2 
including the protruding electrodes 3 provided on the lower 
surface thereof and the sloped portion 5 and to reach the side 
wall of the cavity structure. Except this point, the semicon 
ductor device of this example embodiment has the same con 
figuration as that of FIG. 1. The description of each member 
also shown in FIG. 1 is not repeated. 

With the above-described configuration of this example 
embodiment, the same advantages as those of the semicon 
ductor device of the first example embodiment can be 
achieved, and furthermore, a level difference between the 
sloped portion 5 and each of the upper surface of the inter 
connect substrate 1a and the side wall of the interconnect 
substrate 1b is reduced, so that the sealing material 9 is 
injected while the generation of a material unfilled area and 
air inclusion is reliably prevented. 

Furthermore, when being heated, the semiconductor 
device having a configuration employing a flip chip structure 
is easily rolled due to mismatch of respective thermal expan 
sion coefficients of the material of the interconnect substrate 
1 and the connection material 4 of the semiconductor element 
2. In general, the connection material 4 has the largest thermal 
expansion coefficient, and thus, it is assumed that, in the 
configuration of the fourth example embodiment, high ther 
mal behavior is exhibited and stacking of the upper semicon 
ductor device and the lower semiconductor device is not easy. 
However, in this example embodiment, the resin 12 is made of 
a different material from the material of the interconnect 
Substrate 1 and the connection material 4 and, specifically, is 
made of, for example, a resin having a smaller thermal expan 
sion coefficient than that of the connection material 4. Thus, 
the generation of a material unfilled area and air inclusion can 
be reliably prevented while the above-described problem due 
to thermal behavior is prevented. 

In this example embodiment, the resin 12 is provided to 
cover the end part of the connection material 4 and the sloped 
portion 5. Thus, the resin 12 can perform the same function as 
that of the sloped portion 5 at the corner portion at which the 
upper surface of the interconnect substrate 1a intersects with 
the side wall of the interconnect substrate 1b, so that, even 
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10 
when the sloped portion5 is not provided in the configuration 
of this example embodiment, the same advantages as the 
above-described advantages of this example embodiment can 
beachieved. Also, according to the fabrication method of this 
example embodiment, the step of providing the resin 12 may 
be performed after the step of injecting the connection mate 
rial 4 and forming the sloped portion5, and other steps are the 
same as those described in the second example embodiment. 

Seventh Example Embodiment 

FIG. 7 is a cross-sectional view illustrating a configuration 
of a semiconductor device according to a seventh example 
embodiment of the present invention. 
The configuration of the semiconductor device of this 

example embodiment shown in FIG. 7 is different from the 
configuration of the semiconductor device of FIG. 4 in that 
the connection material 4 injected in a gap between the inter 
connect Substrate 1a and the semiconductor element 2 includ 
ing the protruding electrodes 3 provided on the lower surface 
thereof spreads out from the lower surface of the semicon 
ductor element 2 over the bottom part of the cavity structure 
(i.e., the upper Surface of the interconnect Substrate 1a), cov 
ers the sloped portion 5 and furthermore fills an opening part 
of the cavity structure. Except this point, the semiconductor 
device of this example embodiment has the same configura 
tion as that of FIG. 4. The description of each member also 
shown in of FIG. 4 is not repeated. 
With the above-described configuration of this example 

embodiment, a level difference between the sloped portion 5 
and each of the upper Surface of the interconnect Substrate 1a 
and the side wall of the interconnect substrate 1b is substan 
tially eliminated by the connection material 4, so that the 
generation of a material unfilled area and air inclusion are not 
caused in injecting the sealing material 9. 

According to the fabrication method of this example 
embodiment, for example, an amount obtained by Subtracting 
a volume of the semiconductor element 2 from a volume of an 
opening part of the cavity structure is determined as an 
amount of the connection material 4 to be injected between 
the interconnect Substrate 1a and the semiconductor element 
2 in the step of injecting the connection material 4 in the 
method for fabricating the semiconductor device of the fourth 
example embodiment. Accordingly, the connection material 
4 is provided to spread out from the lower surface of the 
semiconductor element 2 over the bottom part of the cavity 
structure (i.e., the upper Surface of the interconnect Substrate 
1a), to cover the sloped portion 5 and furthermore to fill the 
opening part of the cavity structure. Thus, the advantages of 
the configuration of this example embodiment can be 
achieved without performing an additional process step. 
Other steps are the same as those described in the fourth 
example embodiment. 

In this example embodiment, the connection material 4 is 
provided to fill the opening part of the cavity structure. Thus, 
even when the sloped portion 5 is not provided in the con 
figuration of this example embodiment, the same advantages 
as those of this example embodiment can be achieved. 

Eighth Example Embodiment 

FIG. 8 is a cross-sectional view illustrating a configuration 
of a semiconductor device according to an eighth example 
embodiment of the present invention. 
The configuration of the semiconductor device of this 

example embodiment shown in FIG. 8 is different from the 
configuration of the semiconductor device of FIG. 6 in that 
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the resin 12 made of a different material from the material of 
the interconnect Substrate 1 and the connection material 4 on 
the interconnect substrate 1b is provided to cover the end part 
of the connection material 4 injected in a gap between the 

12 
Also, since the sloped portion 1c having the above-described 
tapered shape is formed at the corner portion of the bottom 
part of the cavity structure of the interconnect substrate 1, the 
sealing material 9 can be injected between the lower semi 

interconnect substrate 1a and the semiconductor element 2 5 conductor device and the upper semiconductor device with 
including the protruding electrodes 3 provided on the lower 
surface thereof, and the sloped portion 5, and furthermore to 
fill the opening part of the cavity structure. Except this point, 
the semiconductor device of this example embodiment has 
the same configuration as that of FIG. 6. The description of 
each member also shown in of FIG. 6 is not repeated. 

With the above-described configuration of this example 
embodiment, the level difference between the sloped portion 
5 and each of the upper surface of the interconnect substrate 
1a and the side wall of the interconnect substrate 1b is sub 
stantially eliminated by the resin 12 provided to fill the open 
ing part of the cavity structure, so that the generation of a 
material unfilled area and air inclusion are not caused in 
injecting the sealing material 9. 

Furthermore, as described in the sixth example embodi 
ment, according to this example embodiment, the resin 12 is 
made of a different material from the material of the inter 
connect Substrate 1 and the connection material 4 and, spe 
cifically, is made of for example, a resin having a smaller 
thermal expansion coefficient than that of the connection 
material 4. Thus, the generation of a material unfilled area and 
air inclusion can be reliably prevented while the above-de 
scribed problem due to thermal behavior is prevented. 

In this example embodiment, the resin 12 is provided to fill 
the opening part of the cavity structure. Thus, even when the 
sloped portion 5 is not provided in the configuration of this 
example embodiment, the same advantages as the above 
described advantages of this example embodiment can be 
achieved. Also, according to the fabrication method of this 
example embodiment, the step of providing the resin 12 may 
be performed after the step of injecting the connection mate 
rial 4 and forming the sloped portion5, and other steps are the 
same as those described in the second example embodiment. 

Ninth Example Embodiment 

FIG.9 is a cross-sectional view illustrating a configuration 
of a semiconductor device according to a ninth example 
embodiment of the present invention. 
The configuration of the semiconductor device of this 

example embodiment shown in FIG. 9 is different from the 
configuration of the semiconductor device of FIG. 1 in that 
the sloped portion 5 is formed as a part of the interconnect 
substrate 1. Except this point, the semiconductor device of 
this example embodiment has the same configuration as that 
of FIG.1. The description of each member also shown in FIG. 
1 is not repeated. 

Specifically, a sloped portion 1C being sloped toward a 
center part of the interconnect substrate 1 at which the semi 
conductor element 2 is placed and having a tapered shape 
which becomes continuously wider in the direction from an 
upper part to a lower part is provided integrally with the 
interconnect substrate 1 at a side wall potion of the intercon 
nect Substrate 1b having a frame shape which is exposed at the 
opening part. 

With the above-described configuration of this example 
embodiment, as described in the first example embodiment, 
stacking of the semiconductor devices without depending on 
a stand-off provided by the thickness of the semiconductor 
element 2 and the solder balls 8 of the upper semiconductor 
device is allowed by arbitrarily adjusting the depth of the 
opening in the cavity structure of the interconnect Substrate 1. 
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out causing the generation of a material unfilled area and air 
inclusion. 

Clearly, each of the respective configurations of the fourth 
through eighth example embodiments is applicable to the 
configuration of this example embodiment. 

Also, in each of the first through ninth example embodi 
ments, it can be seen from the drawings that the sloped portion 
(5, 10a, 11a or 1c) is provided at each of two sides of the 
opening part of the cavity structure facing each other or part 
of each of the two sides. However, it is effective and prefer 
able that the slope potion is provided at each of all corner 
portions of the bottom part with four sides located in the 
opening part of the cavity structure at which the semiconduc 
tor element 2 is placed. The configuration of the semiconduc 
tor device according to the present invention is not limited 
thereto. Clearly, if the sloped portion is provided at a part of 
any one of the four sides, the above-described advantages can 
beat least achieved. When the sloped portion is provided at 
each of all corner portions of the bottom part with four sides 
located in the opening part of the cavity structure, a method in 
which an underfill material or filling resin is not dispensed 
only in one direction but is provided around the semiconduc 
tor element 2, or like method can be employed. Again, the 
present invention is not limited to this method. 
The example semiconductor device according to the 

present invention is useful in reducing the height of packages, 
and reducing the pitch and the size of the terminals according 
to increase in number of terminals at a connection portion 
between packages, which are expected to take place in future. 

What is claimed is: 
1. A semiconductor device, comprising: 
a first semiconductor device including an interconnect Sub 

strate having a cavity structure and a semiconductor 
element mounted on a bottom part of the cavity struc 
ture; and 

a second semiconductor device provided on and connected 
to the first semiconductor device via connection termi 
nals, 

wherein 
a sealing material is provided between the first semicon 

ductor device and the second semiconductor device, and 
a sloped portion is formed, at a corner portion at which the 

bottom part and a side wall of the cavity structure in the 
first semiconductor device meets, to be sloped toward a 
center part of the cavity structure and have a tapered 
shape which becomes continuously wider in the direc 
tion from an upper part to a lower part. 

2. The semiconductor device of claim 1, wherein 
the sloped portion is made of resin. 
3. The semiconductor device of claim 1, wherein 
the sloped portion is made of a material of which the 

interconnect Substrate is formed. 
4. The semiconductor device of claim 3, wherein 
the sloped portion is provided integrally with the intercon 

nect Substrate. 
5. The semiconductor device of claim 1, wherein 
the semiconductor element is mounted on the bottom part 

of the cavity structure of the interconnect substrate via a 
connection material, and 

the connection material is provided to reach the sloped por 
tion. 
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6. The semiconductor device of claim 5, wherein 
the connection material is provided to further reach a side 

wall of the cavity structure. 
7. The semiconductor device of claim 6, wherein 
the connection material is provided to further fill an open 

ing part of the cavity structure. 
8. The semiconductor device of claim 1, wherein 
a different material from the connection material is pro 

vided between the connection material and the sloped 
portion to reach the connection material and the sloped 
portion. 
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9. The semiconductor device of claim 8, wherein 
the different material from the connection material is pro 

vided to further reach a side wall of the cavity structure. 
10. The semiconductor device of claim 9, wherein 
the different material from the connection material is pro 

vided to further fill an opening part of the cavity struc 
ture. 

11. The semiconductor device of claim 1, wherein 
the same structure is provided between each of four sides of 

the semiconductor element and an associated one of side 
walls of the cavity structure. 
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